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I, CHDIA'S PROusoo DN INORGANIC CHEMISTRY IN RECENT DECADE

Pages 3-5 Chang Ch!ing-lien
Chemdstry Department
Peiping University

China has a glorious history and tradition in the study of in-
organdc matter. Ancient alchemists, such as Wei Pai-ysng (Eestern Han)
of ths 2nd century A.D. and Ko Hung (Eastern Tein) of the Lth century
A.D. prepared many inorganic substances and observed numerous inorganic
chemial readtions., Ancient Chinese inorgaiic technology such as China
(3rd century A.D. The Three Kingdoms) and black powder (7th century
A.D. Tiang DIynssty) manufacturing are well imown to <he whole world,
The modern vesteamn chemistry, which starited in the last part of the
18th century, was initiated by the discovery of gaseous elements and
the establishment of the cxidation thecry. The new modern chemistry
was introduced to China in the middls of the 19th century, however,
wmder a sewd -foudal and semi-colonial situation, developmsnt vas hin-
dered. JFollowing the revival of national technology in World War I,
inargenic chemistiy, like other brenches of chemistr;, made sowe prog-
ress. One of the noted accomplishments was ths new method for the
preparstion of alkalies invented by Hou Te-pang.

Throughout the world, this ancient inorganic chemistry agsin showed
its youtaful vigor in the fourth decade of this 20th oemtwy. It was
the urgmt demand for incorganic materials by stomic enargy, eleotronics,
Jet technology, etc., which promoted the apeedy progress of inorganic
chexistry. However, the situation in Ciins was different., The reac-
timary Kuominteng govermment paid no sttention to scientific develop~
mwnt, not even to such tremendous progress as wes taking place in in-
organic chewmistry. It was not until the Commmist Party took over s
decade ago that inorganic chemistry ss well as other branches of science
had proper development.

The following are the major faotors which promote the progress of
China's incrganic chemistry:

1. The Utilisation of Mineral Rescurces, Rspecisliy Rare Elemsnts.

rict to the Liberation, the only rare element which was given
mough attention wes wolfram; however, no finishing process was avail-
able in China. The situation has been drastically changed since the
Liberstion. The survey report made by the Departmsnt of Geology based
on their extensive investigation revealed that rare slsment reaources
are extracrdinarily rioh in ouwr comtry, Other industrial by-products:
funece residue, smokestack ash, anode residus, ssmonia aqua from coke
process, ste,., are all exvellmnt sources for scattered rare elements.




During the past decade, many rare elements have been obtained through
refining, and most of them have had important effects in the socialist
construstion program of Chira., The expansion of the national economy
greatly pushes forward the development of rare slement chemistry, but
first of all the refining process for rare elements should be improved,
or maybe a new process is needed,

2. Advanced Technology.

Peacefu) utilisation of atomic energy, electromic technology, jet
techniques and many others requirs & special kind of inorganic materials
widch include redicactive slsments, stable isotopes, supar-pure elements,
rare elements, high energy fusl, high tempersture msterials, etc.; these
demands strongly push forward the progress of incrganic chemistry. The
situation in recent yesrs is particularly outstanding. Many remarkable
accomplistments were achieved during the initisl stage of the 1958
scientific research great forvard lsap; and many special experimental
techniques snd new reparation methods have also successively been
developed in the production process. The conclusion is that we have
had a good start in this field.

3. The Oreat Forward lesp of Agriculture and Industry.

Through the over-fulfillasmt of the three-year recovery plan and
A the Piret Five-Year Plan (1953-1957) since the Liberation, the
produstivity of China's agriculture and industry is on & solid founde~
tion. The three year advance fulfillmsnt of the gimnt indexsé of the
Second Five-Year Plan (1558-1962) will further demonstiste the tremsn.
dous-development of thds productivity, Ve delieve that the origin and
the developing process of science sre basiocally deterwined Dy produc~ -
tion; therefors, the forward lsep of egriculture and industry will
definitely stimmlate the development of chemistry, of which inorganioc
chexistry 1is a branch. Incrganic chexistry 4s not caly @irectly re-
1ated to the basic shemical industry, but acid, alkalies, salt and
chemdcal fertilisers also have a conneotion with black metals, colored
metals, construoticn materials, etoc. Chemical fertilisers end chemiosl
insecticides support agricultural industry. Agriculture and industry
also constantly request more. from incrganio chemistry; therefore,
regardless of whether the demand is Qualitative or tative, or
ovsn if 1\ involves the preperstion of naw items, b1l will stimulste
research in incrgado chewmdstry. ; -

b, Scientific Plamming and Soviet Assistance.
. 1n 1956, s 12-yeer ( 1967) scientific tectnology development

long-cange wes 1% indioates ‘the five &irections tlst owr
inorgandc chewistry fo in the futuret (1) rdre elemsnt chemistry,
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(2) ohemistry of complex products, (3) inorganio synthesis, (L) phys-
ical chemistry analysis, and (5) isotope chemistry. The explanation
sttached to each item gives good reference to ouwr research workers.

The development of China's science and technology camnot be
separated from the brotherly aszistarnce given by the Soviet Union, In
1955 and 1956, Soviet academicims Ta-na-na-yeh-fu and Fu-er-fu-ko-wei-
chi visited China successively, and offered valuedle irnformation on
the developmont of inorgenic chemistry. In 1958, China and the Soviet
Union eigned an agreement to carry out jointly significant scientific
research, and tae Soviet Union will also help China to carry out such
Tesearch projects. Some 122 {tems were decided in the agreement for
future coocperation. Inorganic chewdistry research is definitely pro-
woted by this agreemsnt. Besides, we are gstting assistance from
other brotherly countriss.

During the past decade, many satisfaoctory accomplishments have
been secured in the fisld of inorganic chemistry; although these
scoomplishments are initial, nevertheless the foundation of future
development has been established,

mwmm

The major work in this field is the refining of =xinerel rocks and
other resouwrces, We have succeeded in the study of the processes for
light rare eloments, rare carth elemsnts, bard-mslting rere elsments,
disperse elments, and elements of the platinum faxily., Nore work has




lanthanum, presecdymium, and neodymium in cerium; and the systematic
qumtitative analysis of tungsten and wolybdenum. We also .improved
the mothods used in the total analysis of rare earth contents in
fervioc rocks and tin rocks which are rich in rare metals.

Chewistry of eowplex cowpouwds

" Moet of the work in this field is to study complex compounds in
solution, all physical methods are used. ,
various stability comstants of complex compounds by the use of polaro-
graphical half-wave potentisl is improved, Mors accurste stadbility
constants for various sulfo~cysnate salts are
grephic method proves that there are new complex ions of thallous
sulfo-cyanate with 2, 3 ad L coordination numbers. The use of the
ph method has shomn that complex resctions happen between alkali wetal
ions and mono-dasic, dinary and replaced cardboxylic acid, which indi~
cates that the iomisation ocmstants measured by previocus chemists with
sodium hydroxide or potassium were too high. We also used N(CH,))0H
to messure again the ioniastion canstamts for suoccinie asid, tartaris
acid, and ferrocywnide acid as well as their sssocistion constants
with more than ten kinds of metal ions. VWe also studied the iondse-
tion constants for N-phenylglycine acid and N-s-aaphthylamine asetic
acid in ethyl alochol-water solution and their stadility constamts
with copper and nicke) compounds. In eddition, wve used the polubility
method to study camplex compounds in solution) the new general methed
wvas demcnstrated with lead iodide complex compounds, ’

Our optical study of ocomplex ions wae based ch the theary of oon-
tinuous varistion of comoentretion and selscted different optical ace
tivity, opticel density, and refreotive index giving sdditive and
harncniocus physical propertise 10 study the complsx resction of tartaris
scid and ime of oopper, iraon and ocdalt., When we studied the ocomplex
resctions of irenm and pyrocatechol with the photo-sheorption wethod,
two new ocwplax icne vere learned; cne 18 a 211 (Pe: phemol) green-
yollow colored positive ion Mt ph=R, encther one 15 & 11] dlus positive
ion at pb=5.9. The wee of optical density and electrical transferring

the existence of two new tive ions, one 10 111 (molydbdenum: sul-
fosymxide radieal) end the other aone is 11d. . -

One theory ooncerming \he oquilidrimm of complex ioms ia polution -
1s &8 follows: we may consider that the ocomplex action in solution 49
sisdilar to sbecorption sctimm: metal iom is squivalent to the sbscrption
osnter of mn sbecrption sgeat and the coordinating dompownd is. equivalent
0 solnte) therefore, ve can use the Fu-long-Iish-ehe equation to express
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the aversge complex numbers and their logarithms, As a result ve may
express such properties as polerographical half-wave potential, oxidae
tion-reduction potemtial, extraction percentage, solubility, etc.,
which vary with the concentration of the coordinating compound by the
Pu-long~lieh-she equation, as the expression for verious equilibrium
constantsj one-is -supplementary to the other.

Imqm.tc ﬂtbui_g

A major project is to obtain high purity materials. We have
prepared super pure germanium and silicon vhich are qualified semi-~
conductor waterials; we have also controlled the msthod of belt emelte-
ing and reduction of chlorides with hydrogen. The former is used to
prepare olastic high-purity antimony. Both the high vacuum method and
the extraction method are being used to produce high-purity materiasls.
An improved S-pi-tin ion-exchangs method has been used to separate 15
different rare sarth elements to their espectrum pure condition. Many
synthetic projects are deeigned to support the preparation of inorganic
materials., The production of chemical testing materials has been in-
creased sbruptly, meny nev items include rare element test agents and
spectrum test agmnts. A new regulation governing test msterials is
being worked out.

We are succesaful in the identification of chemical units. The
so~called Banson's sntimany pentasulfide has been proved as the compound
system of mtimony sulfide and 4« sulfur, instead of a chewical unit
sccording to thero-differential analysis and the evaluation of sulfur
extracted out at 160°,

Pystons ooy stz

Work has been developed under the influsnce of Russis's Ku-er-na-
kou-fu theary. In an agquecus salt system, fused salt system mnd metal
system, work has been carried out; in the meantime, some equipment,
such a# & therwmo-differential analysis set-up, hest balance, phase
:I.m:::po, polarised wicroscope, I-¢ay diffrection unit, etc., have
o up.

In the study of sea water, water containing potassium from Na,
K, ¥g C1, mnd 30, type salt lakes, and from Na C1, S0, 004, and HOO,4
tmdhhl&'i,nhmmoddmm um salt,
preparing potassium fertilisers and extracting alkalies in industry.
Studying the KaF-A1F, system, we have fixed the oonditions for
the edectrolyte in refining process. the silicste
system, the phase prodlem for -Biﬁuum,mw-
tapwrature-tine relationatip of the ty wethod way be wpplied
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in the produstion process of rich quarts glass., In copnection with
the special features of China's iron ores, ore residues with fluorine
content, high titaxium content and high magnesium content have been
studied, Ve used s physical chemistry analytical wethod in comnection
vith physical chemistry and mechanical properties to study the Fe-¥«Si

system
cluding KC) Ja?ndm O have been probed, the work
m1mm thedr umgﬂgmu, the mutugl effects on
the degree of solubility by ion pairs, and some theories on concentrated
solution. Ve also studied the Al<Cu-if and Al-Co-ii alloy systems .
on asthod; from the existence snd transforms-

tion of the cavity, we probed the structure of the individual phase
and discovered the super strusture. Also, in the Al-Ni and Al-Co-did

%
;
i

oient. Ud.n’ wire anode, delute sodium kydroxide electrolyse,
1-~1) smperes ourrent density, and room tespersture, the separstion




The use of a radiocactive isotope as an index atom to seek understanding
sbout the valence and bond characteristios and the theary of exchange
reaction of metallic organic compounds was probed. We also studied
the isotope exchange of antimony-m-mesithlene and its chloride in
ethyl alcohol solution. The exchange activity measured was 1l kcal/
gram-molecule., Simdlar compounis including antimony-p-mesitylene and
antimony triphenol have 21so been studied.,

In ths analysia of water isotopes, the form of the Cartesian diver
was studied; the most suitable form is the shuttle diver which has the
naximm range for the linear relationship between the up-and-down
speed of the diver and the temperature diftgmce of the "floating
temperature.” The range is usually around 20,6°. So far as the drop
method is concerned, the mixture medo of a-chlornaphthalenes and diesel
oil distillation fraction with corresponding boiling point is sultable
to measurs haavy water of all concentrations with an accuracy of 0.02-
0.03. In the process of total analysis of very diluted heavy water,
we used the balance method Ly passing carbon dioxide through sodium
bicarbonate solution to remove excess 0-18 and employed the diver
method to take messurements. Among the more than S5C samples from water
sources all over the country, this msthod has been used to detarmine
the ;onmu of semi-heavy water and hydrogen peroxide in high-density
samples,

Looking back at the development of qur inarganic chemistry in the
pest decade, we delieve that todsy's schisvement from a dlank past is
nainly dus to the precise leadership of the Party. Prior to the Libers~
tion, there was basically no inorganic course offered in sdvanced
schools., But now inorganxic chemistry has not only become the number
one basic ocourse in chamistry depertasnts of gensral universities and
ir the chemical engineering departmant of chexicel engineering colleges,
but many specialised courses, such as rare slsment chedstry, complex
ion chexistry, and inorganic synthesis have been set-up to train spe-
cialised workers, And many advanced colleges are carrying out inorganioc
studies important to the development of our national econowy. Large
inorgmic research projects are being performed in the research in-
stitutes of the Academy of Science and the Ministry of Chemical Iniustry.
Our equipment and our strength are growing gradually; we should say
that our schisvements are great. Howsver, on the other hand, the
scoomplishments wa have made 80 far sre t0o small to satisfy the demand
requested by the magnificent socialist construction prograsm and the
leap forward guided by the light of the general line. Therefore, more
work should be carried out by our inorganic workers; the following are
our opdnions, We weloome discussion.

1. To further sssociate theory with precticsl work is the super-

highway toward the development of any science. The speedy incresse of
our national econowy is the motivating force which propels the progress
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of science. In the nem of inorgcnic chem.stry, many problems -
initiated by the pesceful uses of atomlc energy, electronic techniques,
Jet techniques, metal alloys, basic chemical 1ndustry, rare elements,
and rich chemical resources are waiting for solutions. Therefore,
inorganic chemistry workers must bear in mind the development of - Ch:lna'
productive power to struggle to complete important scientific tasks
vhich are vital to our national econcmy. In the meantime, we should
emphasize theoretical study which is . directly related to praotical
situations. Only through the proper developsient of theory can prac-
tical production be given powerful guidance.’

~ 2. The development of inorganic chemistry should be a balanced
one, Becauss of urgency in some production projects, progress i the :
past was unbalanced., For instance, emphasis was given to extraction -
of rare elements instead of on the basic chemistry study of such ele-
ments; no work was dene on the synthesis of complex compounds, most
of the wark in the past was ooncentrated on the study of complex com~ . -
pounds in solution. In the field of inorganic synthesis, emphasis was
on preparation instead of the study of the properties, structure, and . -
reaction theory; the physical chemistry analytical work should be = . -
btroader and deeper, this is also true with the study of iso
theoretical work should be performed, In future development, a bahnced
over-all titution should bo emphasized.

3o In imrg-nc mnmh, close coordinatich ssong various branches
and complex chemistry and physical chemistry analysis should keep closs
contact with separstion, extraction and synthesis of rare elements, 1In-
orgmic synthesis should closely maintain contact with rare elemants
and rick chewical resource utilisation should be maintained., Especially
'wtanwmmummommwomm
t and methods from physiocal chemistry and physics. We should .
‘ud. estadlish high tesperature, low temperature, high pressure, high
vacuum, thermal spectrum, thermal balance, polarography, electranic -
wtomatic control, parammagnetic resonancs, nuclsar megnetioc rescnance,’
oxission spectrum, ultraviolet and visidle abeorption spectrum, infra-
' red spectrum, joint dispersion spectrum, X-ray, slectron diffrsction,
neatron diffrsction, elsciron microscope, mass spectrograph, isotope
mmm«,m«prmum. & wodern methods and equip-
mnt, etc. The expansion of ressarch tools and conditions will ua-blo
us to affectively produce new synthetics and carefully and closely -
study the properties, structure and resqtion chareoteristics of in-
orgaic aattere; thess studies will de enough to improve ocur under-
mmmummmnmmumwtmumm
better mnuma.
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L. Since our.country is a great country with rich resources,
mineral deposits are scattered everywhere; therefore, great industrial
develorment will be established at many areas in the future; in order
to satisfy this future trend, many inorganic research centers with
first-rate experimental equipment should be set-up at many places.
Every center will have its outstanding special toplec for study. Each
one should try to reach advanced stending in the international circle,
and its ability shcould enable it to solve significant problems en-
countered in the development of our national econoiy. Several research
centers will be groupzd together to form the nucleus of a research
network, their work and planning will be greatly coordinated. Of
course, the development of inorganic chemistry should be under the over=
all pl anning for all branchea of chemistry. o - :

To serve the aocialiat construction of our motherland ent.hus;asti-
cally is the most dignified task as well as the greatest luck of we
scientific workers. Inorganic chomists should stand together with
scientific workers of other branches of chemistry and other sciences
and be under the great leadership of the Chinese Communist Party to
develop the highest degree of positive attitude and mobility and to
bravely march forward. »




II. c!mwegaomw IN ORGANIC CHEMISTRY IN RECENT DECADE

Pages 6-8 - Chang Chun-i .
: : ’ Institute of Chemistry,
Chinese Academy of
Sciences ,

The progress of organic chemistry in tbe decade since the libera-
tion, as with other branches of science; has been unprecedented be-
cause of the unérring leadership of the Party. Before the Liberation,
the foundation of China's organic cheumistry and other industries was
very poor. All rosearch work in organic chemistry was performed in
commection with the needs of medical fields (such as Chinese drugs,
alkaloids, and hormones) and light industries (such as dycstuffs
chemistry, and fiber chemistry); most of the work was toward the.
direction of the synthesis of complicated natural compounds and their
derivatives, Therefore, the accomplishments in spatial chemistry in
the field of theoretical organic chemistry were the most noted. . Be-
cause of the attemtion and support given %o thia branch of gcience by
the Party, the research and industrial mrograse of Ghina's arganic
chemistry has not only been leaping forward but also has had quali-
tative changes., Most of all is the change that occurred in the thinking
of our research workers. Their projects which have been closely con-
nected with the tasks of our national construction have made a great
contribution.

During the psriod of the past two decades, the development of
organic chewmistry has been mainly in the follcwing four areas: basic
organic chemistry, the chemistry of high-molecule compound, tre chemis-
try of complicated natural compounds (such as alkaloids, vitamins,
harmone, and antibdotics) and the chemistry of elementary organic coms
pounds. Since the Liberation, all four fields have been probed.

A. Research on Heavy Organic Synthesis

Neither research work nor industries of heavy organic synthesis
were established prior to the liberation in China. But after the Libera-
tion, due to practical production demand by such industries as synthetic
rubber, fiber, and plastic, many urgent tasks which were swaiting im-
mediate action were presented to our orgenic chemistry workers., BDe-
cause of the attention given by the Party and the assistance rendered
by the Soviet Union and many other brotherly countries, work on heavy
organic synthesis was soon quickly developed in many research institutes
and higher educaticnal facilities. Their growth has been tremendous,

-10'."




The maji-rv pro“lew ir reavy organic simthesis is to obtain the

sgynthet: - msthod of principal -aw raveri E: arc auxi’iary r.:Lerials
reeced iu o ine argrarzt oo of bigh moler e com o runog {suzchozs o simile
substance, solvert, plasticize , etc,}, e mator poart i3 to uve
cheap and easiy ortainsble raw zateérials (such as ethire, nitural

5}
gas, incustrial ga~e~, petroleun, by-products of oa] finisring proc-
e85, by-products of agricuzture, alr and uates) to make important
comgownis,

1. lieavy Urganie Zyrietic Compounds Prom Fihine

The study of bheavy crpanic syrthelic compourds from ethine
didnft start until after the laberation; a series of projects have
Yeen performed in the past decade, the most impoertant are:

(1} The preparati o7 acctaliclyie and acetone ty adding
water to ethine, and tlo preparation of aceric acid and acetic anhy-
dride by oxddizing acetaldenyds.

‘¢) Tre preparation of ethyl chloride and vinyi chloride as
& simpls plasili: substance by adding chlorine ani hydrogen chloride
to ethirnea,

(3) The preparatisn of vinyl acetate as a siémple substance
of polyviryl plastic by adding acetic acid to ctrine.

(L) To e toraadizayde to etihlns £or the preparatiom 1f

sora ttemizal corcoxneds Juch as simple substarcee 7 artifieial Clasme
arvt s rthetic plastics,

(€) The srnthesls ~f 1 ier prodiucss af etalne, such as
elli7lere, methyl cyanlde, and propylere,

() Ttherol is the product of Bi-poljmerization of scetylene,
a furtier gyuthesis sive? a simple substan:e of cnlersproreae rgbtur.
Sorme o the abure mentiorcd rrojects are 31171 in the Iahocatiry stag
out sy w 27 them have troen put in%) prodiciiosn al=eady. Tie major re
actians are shown belote:
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2. The Utvilization »f Products from C13)] Treatment

Trie apolicatiom »F the aromatic c-mwpounids, such as terzenc,
dherol, and raphthalere from coal tar Tractional dietildiation proacess
prisr %o tne liberation was limited to tre smali-quantity use by phar-
racal, dyestuff, and plastic (Barelite)} incustries, but thesc com-
pounda have become raw materials for gsome heavy ocrgenic synthetlic
processes since that time,

The study of h:avy oryanic synthesis frow benzene ard ohenol:
In the vast, the synt r.cs‘c af zuerel froum beniene was made by means
f benzens su‘phan¢c aziz or chlorobenzere, and to ootain acetone
from provylere, the latter had to be hydrated first to become pgropyl
alcohol and tren have hyiragen removed by means of cavalysis process
o ger acetone. HKeceutly we have succeeded in using oxilation of
iaoproy;yl benzene to chbtain pdhencl and aceione,

CH3 CH3 CPB CH3
v \/ ”
C— 0

2\ AN
oo | CH
* Uil' '\ahu}‘g—-—' : 3) c - C
| \J K,

Wy
hals

rinermore, we have als» studied the symthesis of nylon-6 sim-
ple sulstance from benzene or phenoi.

Productison has been started on phthalic annydride by the methnd
of catelytic oxidation of naphthalene, Phthalic anhydride is the im-
portant raw material for plastic, paint, pigment, and dyestuf{ in-
dustries.

0
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We also studied the process directly using coarse narhthalene as
the raw material, which not only maintained tne activity of the cata-
ly3t, but also increased the rate of yleld of phthalic anhydride. In
addition, the ethereal salts of phthalic acid were alzo studied.
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Anthraguinone, which 13 an important intermediaste for dye produc-
tinn, has ween produced by boiling-layer catalytic oxdcéstion of an-
toracere,  The proeess ror the preparation of plastic by removing
Lydreonen from a2eaanzthens has also been siudied.

3. Tae Utilizatior of Agricultursl By-Products,

Pricr to the Liberatioa, the application of furfural in our
counte was liwmited €0 mainer usages, little was don: about the re-
azarcn un Whe exteactiom methods of furfural, 2nc vhere was no anniica-
tisn of Lt in the field = pesvy orgaric chemistry.

Since the liberation, especia’ly durirg the peri:d of the
. grest rward l=ap, the rethods of extraciisn, preparation, and
anplication ~7 fwefural as o raw material for the manulacture of nylon
have teen studied everywhere,

The neary orgaric syrthesis with “urfural is malrly nr the
reparatior 1f butane dicarborylic acid ard di-amirer as the raw ma-
erials for she production of nyion-55. The followirg two methods
inve bezn sried:

(3]

it 3

—

(1) ihe preparation of furan and its derivatives by removing
cavbony. from furfuarsl, Furan and ivs derivatives are the raw mate-
rigi3 T rylon-66:

(1) Ni - Co ~ Al, normz]l pressure
- Zn0-Cr 40 3-Mn0; (2) M1 - Co - A2, high pressure
(3) Ni-distomaceous earth, high pressure
-
(1) ZnClp-HEl NaCN
> (2) B 801 |

Cl €1

(1) Co-catalyst, high pressure
CH,CH,CH,CH, (2) Ni-Al, 1ow pressure
auiovovNT2 7 ;
CN CM (3) Ni-Al, normal pressure




|

{2) The greparation of succinic anhydride from the oxidation
and reiuction products of furfural:

c 1C0H o, CHp0N0H
}1 fO} }
I ~+ LFLuOH CH,COOH

CHO //\X:’\\ ] //’ {toth ,irectior’)

e

The resource of castor oil in China iy very richj it had been
used before the Liberation to prepare octyl slcohol and methyl hexyl
ketvone by the process of saponification rrackirg and to prepare heptal-
denyde, heptyl aliconol and other products through hot cracking process;
however, no application was adopted from these cracking products.
Sirce the lLiberacion, the use of castor oil as a raw materiel for
nylon nas attracted attention everywhere; especially durirg the period
of the great forward leag, many research and production wnits have
studied the preparation of nylon-9 and nylon-11.

Satisfactory results have also been achieved on the preparaticn
of aczetic acid and its derivatives from distillation or fermentation
of agricultral by-products, the prevaraticn of oxalic ecid from saw-
dust, and the preparation »f acetone ty fermmentation of farm products.

4. The Ueilization of Pectroleum and Shale 0il.

lleavy organic chemistry of petroleum and chale oil didn't
start until recent years; the main projects include dehydrogenization
of low alkanes, the extraction and oxidatior of paraffin wax to form
high-gzrade fatty scid and aicohol, and the application of petrcieum
olefines.

(1) De-hydrogenization of low gradie allsnes,

Ethylene~tutane snd butane-butene gas mixtures are ob-
tained by cracking ethane on rickel catalyst, dehydrogenization on
chromium oxide-aluminum oxdde-potassium oxide catelysts ylields
butadiene,

(2) The application and extractior of paraffin wax.

After +he Liberation, a kind of high-wax-content natural
aspnaltum from which ozokerite can be extracted was found in cur coun-
try, the ozokerite can »e made lato various kinds of products such as
vaseline after purification. Medium scale experiments have been per-
formed to prepare acetic acid by paraffin wax oxidation.
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(3) The utilization of petroleum olefines.

Alcohols can be made by hydrolysis of low-boiling distilla-
tion fraction of petroleum, the polymerisation reaction starting from
ethylene propylene have also been studied. Olefins (RCH=CH,) from shale
0il can be used to prepare detergent (R-CHMe-0S0;Na).

5. The Utiliszation of Natural Gas,

China has very rich natural gas resources, Recently survey
work was carried out by a group of scientists, Most of the activities
on the utilization of natural gas as raw material for organic synthesis
have been concentrated in recent years on the following projectss
(a) the oxidation of marsh gas to form formaldehyde; (b) chlorination
of marsh ges to form methyl chlorides (c) formation of organic compounds
containing fluorine from synthesis cf marsh gas; and (d) the preparation
of ethine by hot cracking marsh gas,

6. Application of Water Gas and Carbon Dioxide

Prior to the Iiberation, no work was done on the organic
synthesis using water gas, After the Liberation, because of the syn-
thesis of petroleum work, initial study was carried out on that subject
in the period from 1950 to 1952, and some experiences were collected on
the synthseis of water gas, Lnter on, by the use of catalysts from
steel smelting, the yleld rate was greatly improved and the results are
much higher than the reaulta from similar type research pubuahed by
other litsrature. ,

The synthesis of carbonyl chloride from oarbon wno:d.de and d.r
hes been under large-scale experimentation. As for the synthesis of
heavy organic compounds from carbon dioxide, only ures was studied in
this country. The use of catalysts in heavy organic synthesis has’
greatly improved the reaction rates; in those reactions such as oxida~
tion, de-hydrogenation, hydrogenation, addative reactions, hydrolyeis,
and alkyd compounds, we not only use catalysts, but alao probe the
theories behind them. .

B, The Study of Natural Organic Compounds snd Pharmaceutical Chemistry

China has vast land and rich resources. Natural organic compounds,
therefore, are plentiful. Prior to the Liberation, peocpls were working
aimlessly, disorderly, and unreslistically. Since the Liberation, o
pecple have clearly learnsd that the aim of research is for production, .
and theory should be tied in with practicality, Based on these prin-
ciples, the research progress of pharmaceutical chemistry and natural
:gbmic compounds in a short period of time has solved many practical

lems,
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The problems confronted in the production of antibiotics, such as
penicillin, aureomycin, chloromycetin, and streptomycin were solved
shortly after the Liberation, and actual production got underway. Pre-
paratory work has also been started on new antibieotio products, In -
addition, in ordar to serve the pasturage industry, work on the den]op-
ment of veterinary antibiotics. has been condusted on a widespread basis,

In the preparation of hormones, we have prepared in a very short
more than ten kinds of important hormones which are vital to
the health of mankind, such as yellow ketones, etc., and others have
already been put into production. . The preparation of Ko-Ti~sung is now
under large scals experimentation,

The improvement over the direction of developwent and methods of
production of vegetable alkaloid and other vegetable products started
gradually after the Liberation. For instance, the study of pharmaceuti-~
ocal plants or vegetables used to be started whemever crystal form
could be extracted, no attention was given to the effects of such a
study; but now emphasis has been given to the possible separation. of
the effective constituents of such items, and further study will depend
upon this analysis., Furthermore, chemists in the past didn!t want to
be bothered by the types and origins of various plants which they were
using, therefores, frequently it was not possible to repeat and prove
n experiment because of the use-of wrong plants; this discrepancy has
mbmohdutﬁbyﬁomﬁimmchmu and botanists
who handle identification work.

Many wodern methods including i4n exchange, color analysis, infra
red ray spectrometry, ultraviolet ray apeotme‘.ry, etc., have been
adopted to study the separation and structure of the constituents of
natural resouwrces. The problems studied are much more advanced and -
the quality of the results has been much improved. So far many.dif-
ferent types of vegetable alkaloids such as Tien-chieh, !h-hmg, md
Farng-chi have besn started with industrial productdon.

Smmwbmmtmucubdonommatudyofthochuim
of turpentine products, Many types of perfumes and bensine have had an .
effect on our produot.ivo couatruot:lon.

Under the diraotion and orgnnisation of tho Pu-ty, thoao who practiee
medicine, who sre engaged in medical theary research, and chemists Jjointly
Modnﬁbﬂharﬂoldrusmdprop&udmtbml,oeowma :

short period of three ysars. In recent years, their force has been
largely shifted to the study of dispases mh;u highbloodpﬂamo
and canoer, where effective mn are- holdnc
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C. Element Orgamic Chemistry Research

Element organic chemistry is an advanced science in the field of
organic chemistry. The research situation in countries all over the
world is rather impressive, and many accomplishments have been obtained.
However, this branch of science was again a blank in China prior to
the liberation, Since then, research work has been concentrated on
solving some practical and theoretical problems,

In the field of metal organic compounds, several hundreds of
organic compounds of antimony have been prepared during the past ten
Years for the purpose of finding some effective drugs to comhat
bilharzial disease. Since the Liberation, agricultural insecticides
have been rapidly developed and many effective phosphorous insecticides
are now being prepared, In the meantime, some work has also been done
on the structure of phosphorous organic compounds and their toxic prop-
erties, We also studied mercury organic compounds which can be used as
insecticides, magnesium orgenic testing materials, and organic compounds
of tin,

In order to produce insulation materials which can stand a high
tenperature, organic chemists have studied in the past few years silicon

organio compounds and silicon para compounds,

Fluorine orgardc compounds research has been carried out in other
comntries for a long time, but it is a weak link in China., Shortly
after the liberation, some scattered work was done on this subject,
but during the past couple of years, especially since the year of
the great forward leap, the development of fluorine organic compounds
and fluorine para-compounds has been rapid.

The significant accomplishments of our organic chemistry stem from
the leadership of the Party, the unselfish assistance given by the
Soviet Union and other brotherly countries, and the vigor of our organic
chemists. During the past decade, owr great and eminent party has not
only led the political and economic activities in China, but has also
correctly led scientific work. In the early stage after the Liberationm,
scientific workers were directed to tie in science with production and
practicality so that research can serve production in a more efficient
way. FPFollowing the initial stage of development, coordination and
planning emerge as the most important tasks, In 1956, the first planning
ad regulations for science in China!s history were dram up, proper
coordination among related research units was organised, and appropriate
cooperstion and division of work were established among the Academy of
Sciences, higher educational facilities, production units, and local
organisations, In the meantime, research work has been systematically
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carried out sccording to plan. After the rectification campaign, .
scientific workers oriticized and overcame individualism, gave up
vhat used to be the unréalistic college-~style-research, -positively
devoted themselves to socialist construction activity, .and happily -
shouldered those tasks that are mare olosely comnected with produc-'
tion. All these facts comtribute to the unprecedented progreas and
qualitative improvement in- t!m field: or organ:l.c mthuia.
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IIY. CHINA'S PROGRESS IN PHYSICAL CHEMISTRY IN RECENT DECADE

Pages 9-12, 26 _ Ta'ang Yu-ch'i,
Han Te~ksng, and
Cheo Kuo-hsi,
Chemistry Department,
Peiping University

Introduction

Prior to the Liberation, scientific research in old China
received no one's attention; furthermore, since China'!s egricultural
and industrial production levels were very poor, the development of
scientific research was impractical., This is also true for physical
chemistry which is a branch of chemiatry. At that time, only a few
physical chemists did some scattered and unsystematical research work,
almost all of which was done in foreign countries. Since equipment
was scarce in China, the establishment of any research centsr was out
of the question. Teaching of physical chemistry in colleges and
universities was comparatively out of date, therefore, very few physical
chemists were trained through these organizations.

Since the lLiberation, scientific research work has been given the
most serious consideration by the Party. Under the correct leadership
of the Party's scientific development policy, scientific research work
is booming in this country. The high speed development of the produc=-
tion level of agriculture, industry and other branches in owr socialist
construction program has been challenging the domain of physical chemis~
try with many urgent problems pending immediate solutions. Of course,
these demands have promotdd and accelerated the research work of physi-
cul chemistry. During the past decade, the noted accomplishments in
the field of physical chemistry include high molecule chemistry, chemical
kinetics, structure of matter, electrochemistry, colloid chemistry and
the theory of solution; definite progress has been made in these vital
fields, Furthermore, all work is arranged systematically and is ob-
Jective, It generally begins with tackling a practical problem and
gradually moves to a thecretical study. Quantitatively, the work has
exceeded the sum of what had been done before the Liberation; and the
quality of present work is beyond any comparison with the past. Further-
more, modern methods and equipment used in present research have guar-
anteed better results, Up to now, better physical chemistry labora-
tories have been established in various research facilities and higher
educational organisations all over the country, and many research
centers established at various important areas of the country have
shown satisfactory results. A large number of devoted workers are being
trained in various higher educational facilities and scientific research
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organisations and they are the decisive factor in the future continuous
development of our physiocal chemistry. In order to achieve this goal,
the colleges and universitics in China are now trying hard to improve
the teaching of physical chemistry.

Of course, looking at the needs of the Party and the people and
the requirements of industry, agriculture and other branches needed to
carry out their development, the present accomplishments in our field .
fall far short, and some defects in the development of a better connec-
tion between theoretical study and practical application and in the
effective training of a large number of red and expert scientists
should be eliminated,

The following report covers the accomplishments in the various
fields of physical chemistry during the past decade; since the domain.
of physical chemistry is so bdroad, work outside of the following topics
but but related to physical chemistry will be introduced under relatod
headings., . ,

Structure of Matter

There are two divisions of this subject., One 1s the theory of

chemical band and tha other is tho dmlopmt of -structure. chadatry. <
The theory of chuioal bond studies the property and bohavior of _
the binding force of atoms; at the msmttiu,mmusingtbothoory
of the movement and distribution of electrons to explain the binding
inside molecules as well as the atomio binding betwsen molesules, this.
is also comnected with the properties of molecules. The study of chemi-
-cal bond theory in China started during the early stags of the libena~
tion, work was more on the theory of irregiilar crbdit and the theory of
internal molecular. spin, lLater on, following the growth of our re-
search forces, the theory of molecular orbit, the theory of multiple
gzctron band function, and mtw-mleeular appl:!.ng forco otudy were
ed, ,

. The following are the achievements in the study of wolecular
structure and chemical bond function. We have suggested the method -
to work out the best bond function and the matrix method of bond func-
tion 830 that the development of irregular orbit theory on the subjects
of the discussion of bhond strength, bond angle, and bond property and
of the derivation of bond function can be further probed. The calculae
tion method for multi-electron bond function. -guggested by us 18 im~ .
portant in the future development of molecule structure theory, - Cylin-
drical free electron model has satisfactorily explained the absorption
spectrum of starch-iodides; the use of molecular orbit method to treat
AB> type inorganic molecules such as NO, and SO, explains the chemical
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bond problem of these molecules, As for the study of property and
molecular structure, our work hae been more or less concentrated on

the problem of internal molecular spin. We have achicved important
results on the potential function of internal spin and the computa-
tion of the terminal diztance and average radius of high molecules.

We have also carriod out meaainzful aralysis and computation for the
optical activity of cyclo-~pentanone, bond energy of alxanes, and ioniza~
tion constants of oxy-acids., On the subject of tho inier-molecular
applying force, we use our own l/fae double~center spherical-coordinate
equation to carry out over-all quaﬁtum machanic treatment of Van der
Waal'a force, We also carried out a new computation for the binding
energy of hydrogen bond. In the study ¢f atomic structure and property,
we have prcbed the problems concerning the negative electrical potential
of the aton, its magnetic susceptibility, and the energy levels of
electrons insido an atom.

In structure chemiatry, we organise and collect all data con-
cerning the structures of compounds on the one hand; on the other, we
draw from these data conclusions on the possible forms and features of
combinations by varicus elements in various chemical compounds, the
relationship between chemical formation and the types of bonds and
structure, and ths connection betwean bond and structure types and
various properties, Since it takes considerable time to establish ex~
perimental conditions in the study of structure chemistry, our actual
work started gradually in 195L; but by 1957, our achievements in the
study of crystal structure of alloy, inorganic and organic compounds
have been numerocus,.

In the atudy of alloy crystal and its phase change rule, one
example 1a that in ternary systems, such as the Al-Cu-Ni system, we
have found a geries of interesting superstructures for “T° phase and
further studied the factors governing the change of structure, We
have studied in detall the ordered-disordered inversion of (Au, Ag)Zn
alloy. In inorganic oompounds, the structure of szss and P)S., sulfides
of the nitrogen family were studied, In addition, we studi e
properties of the double reaction surrounded sulfurous acid, sodium
bisulfite additive products of acrolein, and the crystal structure of
2-sodium 3~biselenite. From the study of the struciure of enhydrous
sodium sulfite, we revealed the disordered distribution of atoms and
the process to realise such disordering. During the past, the structure
of CapAl2813010(0K)2 was never quite understood; not until recently did
we obtain a new silicon-oxygen structure. The crystal structure of
N1(CH;CHNH,C00 )5+ LH;0 18 a hydrogen-bond system made of hydrated water
and a”two-aater molecule. The corystal structure of the intermediate
product of bensonitrile from Stephen reaction has been determined.

- 2] -




In the study of the spectrum, except for the satisfactory results
obtained when the absorption spectrum in the ultra-violet region was
seen nstarch-iodine compound, the combined scattering spectrum of
benzoic acid solution was studied. We also inveatigated the electrical
woment of couple of hydroxy silane and para methyl methacrylate; the
results indicate that the measurement of electrical moment of couple
is helpful to the study of internal spin of molecules and of the short
raige structure of high molecule chain.

Chemical Kinetics

The principle task of chemical kinetics research is to study the _
rate of chemical reactions, the effects of various factors on reaction
rate, and the processes of various types of chemical reactions. To ‘
control these conditions means the control of resction rates and to
eliminate non~-essential secondary reactionss therefore, the ruction
way follow the pre-set course.

Prior to the Liberation, little knowledge had been accumulated on
this study, except for a few chemists who did soms works in foreign
countries; in China no work was dome, Since the Liberation, ths de-
velopment of science under the Party's leadership has been tremendous,
The development of industry, eepecially the development of our petroleum
industry, has stimulated the study of chemical kinetics in certain
fields. During the past decade, the development of our chemical re- °
search can be divided into the following three areas, namely, homogene-
ous kinetics, high-moleculs reaction kinetics, and heterogeneous
catalystic kinetics,

The acoomplisbments in the study of homogeneous kinetics include
the detalled reaction process of a new kind of hydregen cstalysis from
the esterification of simple acids and sispls aloohols, From this
discovery, the kinetic equations for such reactions under different
conditions may be recorded and the degree of esterification reacticn
under such conditions may also be determined; this accomplishment has
cleared the long time argument on the mechariem and degree of esterifica-
tion process. In addition, we studied the effect of negative amino
substitute on the hydrolysis rate of 2-smino~-2-dehydroxy-D-cornsugar.
Experinental results support the theory of Neuberger and others. As
for the theory of aquecus saponification of ethyl scetate in the mixture
of low-constituent diethylene oxide and water, sxperimsntal results
disagree with the theory of Moelwyn-fughss, Ludler-ayrmg and Amis-
Jaffe. The study of the thermal-analysis of isopropyl bengene and
hydrogen peroxide has shown us that its thermal decomposition in
isepropyl bensene is not a pure {iret rate reaction; this shows that
the axidation resaction of methyl methacrylate belongs to ionisation
type chain reaction. The rate of cementation of silica gel has proved
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that its mechanisms in acid and in alkali are different; the photo=
chemical reaction. and oxidation of SO, in atmosphere in industrial
areas were studied; we also found the activation energy of the reactions
between olefines and GCl), HCGlj, SiCly, and HSiCly., We also studied
the kinetics of combinat on betwoax o=toluidine an pmitroeophenol
and the Men-shuwtehechin rnct:lon.

]

High wmolecule chemistry is the branch of science developed very
rapidly in recent years, its research has very important practical as
well as theoretical significance, Since the Liberation, some accom-
plishments have been made in the study of kinetica of polyaddition
ad polycondensation reactions in the physical chemistry side of high
molecule chemistry. Polyaddition action of high molecule is a chain
reaction which can be divided into free type and ion type; generally
the treatment of kinetic data for both types are based on the stable
state theory of Bodenstein;we have carried out very careful mathe-
natical analysis of the unetica of polyaddition and found that Boden-

stedn's theory is applicable to free base type polyaddition reaction.
We also studied the competition rate of polymerization of methyl
methacrylate, butyl propdonate, oenanthic ether, and vinyl acetate.
On the subject of polycondensation reaction kinetics of high molecule,
almost the entire theoretical field was examined, we pointed out that
the molecular weight distribution of polycondensation products in the
presence of dissociative reaction follows Flory!s theory, and we also
discussed the problem of gelatinization during the process of poly-
condensation, We have suggested the hydrogen ion catalystic mechanism
in the process of poly-esterification of binary scids and binary alcohols;
the idnetic equation for the polyesterification of simple acids and -al~
cohols was proposed an. verified by experiments, We have confirmed
the triple~direction polyesterification reactions of poly-~basic acids
and alcohols also belong to hydrogen-ion catalystic mechanism. By
investigating the relationship between wolecular structure and reaction
rate constants for binary acids and aloohols, we confirmed a basic
hypothesis concerning the reaction kinetics of polycondensation, but
for which there was a lack of experimental proof. All these results
have made a definite contribution to the study of the theory of high-
moleculs polycondensation. In addition, the condensation kinetics of
dimethyl-diethylene-silane was studied.

In this country the research on heterogenecus kinetics started
from the catalystic finishing ressarch on the catalystic processes of
sulfwric acid, the synthesis of NH,, petroleum olefines, and the
saythesis of water gas. The tcnoaing work on basic concepts and
theoretical preeentation has been perforwsd. Pirst of all, in the
study of catalystic kinetics of petrolsum olefines, we used the material
balance relationship to bring the reaction rate conocpt of a static
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system to a dynamic system, by doing 8o, we have reasonably solved a
basic problem in heterogeneous kinetits. ‘' We have given dotadiled: :° " -
analysis-of the Frost linetic equation which: is often used: in catal=— ~ -
yetic. ersoking to find- out conditions under-which this wquation Bee's -
the clean msaning of iinstics. The effects’ of chrodium cabalyst oni: -
the aromptisatdon of-heptane and the laws govern the kimetic theory: - '
of aromatization, one of the special examplés is theé lew: of the 8edl= - -
mentation of carbon. The theories of Steiner, Plote, and Kagan about

the dehydrogenation of heptane still exist; from the prelimnary dis-
cussion of--reaction mechanism, we mxy admit that the:Kagan'theory

about semd~hydrogenated: mechanism is. appropriate.. Té: stpply the -

kinetic data fpr-the désign of an industrial reactor, we studied the
effects:of the reacdion conditions of Ké0-6r203-t Os vetdlyst on the-
rate of aromptisation and carbon sedimentation of . T-carbon dis-
tillation . fraction:-of aynthetic gasoline. In the use:of catalyst
rectificstion .te produce aromatic hydrocarbons from petroléum, we

have the.oontrol of-the newest platinum wethod; we -have studied 'in

detail ,the mutnal pelationship among the reactions and the principle
kinetics theory governing the ' treatment of pure hydrovartions by this
method, In addition; we have worked on MoS, catdlyst; hydrogenation

of bensene and.the itinetics of isomeric chemistry. In the field of
inorganioc. ocstalyatic kinetics, a kinetic equation has been obtained

for SOp cxtdation qf. vanadium catalyst when the effects of wmdss trans-

fer progess 18 sliminated and the activity of the ‘catalyst is independ-
ent of the different ways to reach a resction condition. This indicates
that the effects of the mass transfer process under different catalyst
grandular -conditions and different temperatures upon the reaction rate "
are obvious,  ¥We also studied the kinetics of the oxidatios of ‘S0, on' -
vanadium catalyst with promoters contsining potassium and sodium; from
these results, we worked out an approximate kinetic equation for in- -~ V"
dustrial vensdium astalysts. The inverse relationship between internal * !
surface utilisation percentage and the conversion ratio of Tung=id - - °
vangdium catalyst was obtained from computation, DBy using the inw '™
dustrial chlorinated pulp process, we studied the reaction rate:and ~ ° °
FNP::-‘-OQ of chlorine and wood in the process of gas-s0lid contist 7 -
oper offg.- - . - B O S A

A - R - R R T S L
The major task of electrochemistry is to study tha chemical ree

aotions oconditions and rules. which:initiate by electrical energy )
elecinolysis) and to: convert chemiocal. energy into:blectrical endrgy =~ = -
chemical source of electrical ehergy). Such cuiiversion is through - “:*
the use of elsctrolytic solution (or welted salt), Some of the'work - '+
on elsotrolytic solution will de introduded later in the section ¢on~" '*
oerping: the theoty of . solution. The most spscial features of modérn -~ ~*
electrochemistry are- the development' of the slectrode process theory : ' =-
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and the wide applisation of electrochemistry. Electrode process -
represents the chemical change that ocours at the contact surface
between electrode and electrolyte when the mutual convérsion beitween
chemical and electrical energies takes place. These electrochemical
processes are vital to the national economy. Since the electrolysis .
method is widely used in chemicsl, metallurgical, electro-plating, and
metal polishing processes, the chemical electrical source following

the wave of high speed development of various scientific and industrial
technologies is getting more important everyday. The methods used in
electrochemical analysis are being widely used in analytical chemistry.

Prior to the Iiberation, electrochemical industry in oid China
was extremely backward,  which naturally shut down the door for its
research activity. After the Iiberaiion and following the high speed
development of our socialist construction, the old electrochemical in-
dustry was expanded and a new type electrochemical industry has emerged.
The speedy development of the chemical~elecirical energy industry -
started in the initial stage of the great forward leap. Such progress
has presented electrochemistry with increasing demand. Under the-
correct leadership of the Party!s science development policy, electro~
chemists first studied the practical problems vital to the development

of our national economy; following the progress of industries, practical

tasks started to challenge theoretical developmont with a series of
urgent problems pending immediate solutions; this was where research
work on electrods process theory started. Although the work was begun
not long ago, accomplishments are significant. '

We have been successful in the study of the mechanisms which are
responsible for the formation of oxygen on the positive platinum elec=-
trode and the formation of Sy05~2 at the positive electrode, Both
electrode processes are very important to industry, To the former = .
mechanism, we have proved the mechanism in dilute HpSO), at low current
density, suggested the oxygen formation mechanism at h current
density, and carried out theoretical analysis of the oxygen formation
in concentrated sulfuric acid, For the latter case, we have for the
first time successfully separated from the total polarization curve two
independent polarisation curves belonging to the O, positive electrode
formation and the S,0g=2 positive elgotrode £ on} we have proved’
that the formation mec sm of Sx0g™° is due to direct eiectrical
discharge of HSOE or 30}° ions, Based on this proof; we further
studied and explained theoretically the cause that industrial use
additive fons guch as F~ and ONS™ raise ‘theelectrical current effi-
ciency of 820‘8' formation., We also have médde: some acéomplishments in
the wethod of deriving the determinative steps &n the "deduction" of
the electrode process. In addition, a conclusion on the positive- =
electrode oxidation mechanism of benzyl alcohol in sulfuric acid
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solution has been worked ont. ‘The double-layer capdesiance of the
antimony electrode was measured by the alternate current methods. and
the sero-chargo poteniial of antimony was also meaauréd for the f:l.rat.
time, _ N o T

'Since the Liberation and following the large production ‘rate of
steel and nonferrous metnia and the development of mechanical. and chami-
oal industries, metal corrosion and anti~corrosion have become- extremely
1mportant .problems, To study the electrode process of corrosive metal
often points 6ut the causes for the corrosion, the factors which cone
trol the.corrosion rate, and the mechanism and effects of the agencies
which slow down the rate of corrosion, The use ‘of the electiothemical
method to combat corrosion is often one of thé most effective approaches
to this problem. We have studied the reasons for' phosphiates as the anti-
corrosives for manganese steel. “In order ‘to study the anti-corrosion
properties of mtimbhy‘ plating, we have determined the anti-corrosion&
properties of antimony dn’ various electroMes. The corrosive action:.:

of sodium benzoate and triethyl alcohol benzoat upon steel was: 7m;udj.ecl
and shown, Wa have pointed out the corrosive mechanism of lig“', cu""’
Fe"’“ de"‘*""" and haloSen iona oh 18-8 stainleas steel, -7 .

On the aubaect of elecﬁrbchemical msirumeritation study, e have
simplified Heyroveky'e pohrographic oscillographic circuit. : & simpler
equivalent circuit gives the same shape as ‘the original cireult, and -
an oscillator is used to study the voltage~currént relastionship., On- -
the theory of oscillographic polarography, we used experiments to. verify
the Randles-Seveik equation &nd pointed out the discrepancy between the
theory and the ctporimmtal results, For the theory of anode polaro-
graphy, we have poihted out the miatakas in the reverse polarographioai
currerit equation proposed by Hickling in 1956, In addition, we al80 -
studied some other electrochemical analysis methods; we proposed &
"polarographical titration instrument™ using an electronic ‘circult -
which ¢an be used in oxidation and reduction processes.’ The theory
of the double-¢lectrode indicative electrode current, titration method
wes given det.nnnd quantitative diacubsiom. R

In metal plating , the first thing’ we did was to uhe elementa found
abundant in this conntry to replace scarce metals in motal plating.. :We
have studied the pohrization phenomemn of ‘electrical accutmlation of
antimony and the conditions necessary for better antimony platings we.
also found a better bass solytion for' witifiony platinki” We have> carried
out a detailed study about the ‘conditions for: cobalt-wolfram: alloys -
under proper conditions, cc‘balt-molfram ‘alloy’ containing wolfram up: w
5L.2% osn be electrically plated. 'To-find a substitute. for nic'kel,
have succeufuny found the cona:ctioha Ior bronze- pm.ﬁ\g. S
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On the subject of electrolytic preparation of chemical materials
and metal electrical refining processes, we have tried a serles of
new methods for the preparation of alkalies and chlorine with electro-
lytic processes, We designed and studied the elesctrolytic bath ‘and .
conditions of electrolysis of KC10, and the technical process of elec-
trolytic preparation of KMnO, was Ztudied. The preparation of wild=
pear alcohol and mannitol ang the electrolytic reduction process for
corn sugar were also studied, On the subject of electrolysis of fused
salts, the effect of adding MgF, and NaCl to an aluminum electrolytic
bath was investigated, Many rare metals have been prepared with the
fused salt electrolytic method.

The foundation of the chemical elecirical source industry inherited
from old China was extremely poorj there were only two secuences pro-
ducing less than ten items, the techniques used were manual and back=~

. ward. After the liberation, due to the rapid development and urgent .
demand of various industrial branches, commmication tools, as well as
new scientific techniques, the chemical electrical source industry
under the leadership of the Party was greatly developed; the initial
research was mainly on the technology side, scientiflc research has
alroady been started with limited activities and future development is
urgently needed,

The major development of the chemical electrical power supply was
concentrated on the improvement over the quality of old products and
at the same time increasing new items, For instance, the life span _
of the lead battery has been increased from 200 in 1956 to 300 in 1958.
Due to improvement on corrosion of zinc plate, the discharging period -
of the zinc-mangsnese dry battery has been increased from LOO minutes
to 580 minutes, Other new sequences, such as the preparation and pro=-.
dvction of alkali nickel steel and nickél-cadmium batteries, have also
been added. In addition, we are also studying new and high-energy
batteries, the preparation or production of silver-zinc batteries,
zinc~mercury dry batteries, zinc~carbon alksll batteries, and iron-
carbon batteries, .

A fuel battery which is more efficient than fire electrical power
is now under study. ‘

Prior to the liberation, research on the theory of solution was

also extremely poorj some people did scattered work., Since the lLibera-
*  tion, new development has been given to this branch of science. The ‘

study of solution theory bears very practical significance to the
chemical industry. o _ ' - ' ,

On the subject of ‘phase equilibrium of poly element systems, we
have constructed the phase diagram for the ethyl alcohol-nitro benzene-
water and the ethyl alcohol-furfural-water ternary system; we also




measured the criticel—-point cona‘bituenta of the systeme. l"'rom the
study of the distribution coefficients for l-ephedrine and mixed .
ephedrine in toluene, xylol, and chloro-benzene and water, .we have
found the most appropriate conditidne to extract ephedrine -with the. .
continuous solvent extraction method, On gas-liquid equilibrium, a . - .
new simpler method to calculate ternary system equilibrium data from - .-
binary system for heptane-toluene-phenol system was obtained., We have . -
probed thearetically the conditions. for the establishment of the van .
Laar equation with temperature., On instrumentation, we have designed
a very simple gas-liquid equilibrium prober whose accuracy can be :
compared with more complicated 1n8truments.

We based the. study of selt. eolution from the atructure point on. .
the Samoyloy’ theory; the solubllity of NaHCO ~KHCO . 20, KSCN-KI-HQO, A
and KC1-K230)-H20 was studied, these resulte have gelped to explain the -
structure of ealt solutions. By the use of the conductivity and elec~ ..
trical potential measured from the water solution of sodium salt of Un=- .
decylic acid, wa are sure that there is no association phenomenon 3n . .. ..
the \mdecylie acid redical, Furthermore, we have conducted an over~ .. -.
all measurement of conductivity of. nephthyl-smine hydrochloride, N-. . - -
methyl aniline, and N-ethylaniline in water and diethylene oxide. mixed o
solution,

‘Ina etudy of ealt eftects from the research on the effecte of~ SR
larger cations, and anions on. the. solubility 4in water of non-electro-
lytic naphthalene, normal valeric acid snd. normal, caproic acid mole- .-
cules, we pointed out that.the van der Waals-London. dispersion action: -
theory may give definite explanation of the.salt effect of salt with . :.
comparatively larger ions.on non-polarized. molecules (naphthalene); ,
however, for organic. acids,.replacement chemical reactions and. post- RN
reaction distribution should be considered. .t‘irst.. . . .

Fm'bhermore s from much experimental data, we. have concludad the
study on salt solution temperature coefficients, salt structure, -and.
the empirical rule on the directional relationship of crystal water
and ionic valence,-and obtained the empirical rules for the determina-
tion of the strength of inorganic oxy-acids and their molecular struc-
tures, Furthermore, we also calculated the hydrolysis of acid salts
formed from the reaction of strong alkalies and weak. acids. and discuased
the domain of app]ication of common ion effect equet:l.on. : ~

"5&

Collod Cbeust_rz s e T

There is no real clear division about this branch of chemistry, it
is a rather. broad:science.: Here we will only discuss things related to
traditional coliodd chenistry and successful applicatione of-colloid. . .
cheuetry whtch "have . bronght eetietectory solutions;to those preblemee ‘
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' On the subject of surface tension. and sbsorption research, theoret-
1cal caloulation and empirical equations about surface tension for many
liquids and liquid metals have been worked out separately. On the
subject of gas absorption, a series of studies concerning the absorp-
tion of steam of Np, CO,, CHBOH and hexa~carbon hydrocarbons by silica
gel of different size puorouseés was carried out; molecular absorption
state and the absorption potential of different silica gels were
analyzed. To coordinate the research on catalystic cracking, the
absorption of alkali nitrogen compounds on catalysts was measured;
from these results, we believed that besides acid centers, there are
also polarization centers on the surface of catalysts. On auto-solu~
tion absorption, we studied surface tencion and absorpiion of the fat

. ammonia water solution., The study of mixed acid solution absorption
has revealed that the surface absorption of sugar carbon 1s not a
simple substitution mechanism., The study of absorption thermodynamics

. has given us the simplest method for a solution to absorb free energy
and proved that the rules govern the sbsorpiion in solution by solids
may also be used on liquid surface absorption. We also studled the
mechanism of absorving ammonium salts by soil.

CatalyWtic phenomenan has a close relationship with surface chem-
istry; therefore, the study of the sui-face properties of catalysts 1is
important to the better understanding of catalystic reactions. Our -
work has been concentrated on the study of the activity center of
cracking catalysts from poisoning phenomenon and absorption properties
and of the surface effects when the constituents of catalysts are. -
changed, From this work we have obtained our preliminary conclusion
about the properties of the catalyst swrface activity center. '

Another important section of surface chemistry is lon exchange,
Based on the special features of the soils of our land, our soil ex-
perts have studied ion exchange of .the soils, established several methods
to measure the quantity of ion exchange, studied the soil acidity-ion
exchange relationship, and ion absorption equilibrium; various physical
chemistry methods have been used to analyze the soil structure.

Greater achievements have been obtained from our liquid and gaseous
spectrum study. Most of the work and most of the accomplishments have -
« Dbeen in the analysis and separation of petroleum, shale oil, gas tar
and in a high speed analytical method and separation method for accurate
determination of the complicated composition of some oils. Especially
> in the field of gaseous spectrum research, we have not only improved
operational techniques but also separated systoms which still cannot
be done in foreign countries; in the field of theoretical study, we
have made some fundamental contributions amnd have further explained
the physical significance of the qualitative index of the volumetric.
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gas spectrum, Starting with the aeparation of twp different materials,
we have reached the index equation for the thermal spectrum column
effect which hes been further expanded to the gaa—l'lquid spectrum, .
The unbalanced theory . was also studied.

For the colloidisation of_ eilicic acid, an over-all study on the
polymerisation mechanism of different acidity silicic acids and the
relationship between the colloidisation rate and ph hava been completed;
the curves plotted on the logarithm of colloidization time vs. the
solution initial ph are N-shape curves with a maximum and ndnimum,.
Besides, we also studied the effects of preparation canditions for
silica gel on humidity absorption,

On the aubject of colloid stability, we measured the poly~-precipi-
tation values of some metal ions upon negative AgBr colloidal solutionj
based on these experimental results, we also analyzed the effects of
ion valance and ion radius on those values. Some work was done on the.
stability of the non-hydrogel soap oil system; from. factors such as
temperature, pressure, gelatinisation contraction rate, titration, )
needls reading, stored oil fraction, cufting stability, viscosity, and
soap percentage, we we carried out research work with different approaches
on the stability of grease (soap oil system) and the results obtained .
have practical and theoretical significance. L

In the nevwly dmlopod fiold ot rheology, we have carried out &
study on the relationship between viscosity and constituents of binary .
solutions, and the flow pattern of aluminum sosp .(binary and ternary) =~
bensene solution. We aiso carried out & broad and deep penetrating
study of the viacosity method for high polymer molecular weight deter-
mination. The rheological propertiea such as viscosity of s0lid high
polymers were also investigated, The rhaologiqal property of sand in
vater, which 1s closely related to water conservation work, was not
extensively studied. Some measurements concerning the viscosity and ..
precipitating rate of aand-mud were taken and calculated,  The part
of soil mechanics which is related to colloid chemistry was studied.
We. designed a torsion plasticity meter to study the post-transformation
process of rich scil, and also analyzed theoretically the structure of
soils and the mutual relationship among material points. .

In conclusion, the accompli.shmenta during the past decade hava
qualitatively and quantitatively surpassed the total work’ done during
several decades prior to the Liberation. Looking at the needs of our
comtry, the research work on colloid chemistry.in the past ten years.
was certainly insufficient, this is especially true for traditional .
colloid chemistry and the colloidal system. In the future, . effort
should be given to the development of this research work. -

s3ll «END =
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